GeoloGIcal and StratIGraphIc Framework
The Palaeozoic sedimentary sequence of the Yangtze Platform accumulated on the continental crust of a microplate that has existed since at least 3.8 Ga ago (Jiao et al., 2009) . During the Ediacaran, shallow-water carbonate sedimentation, formed essentially by stromatolites, was widespread on the Yangtze Platform.
The Hetang Formation accumulated at the southern and southeastern margin of the Yangtze platform ( Fig. 1a) and crops out mainly in western and northern Zhejiang Province (Yang et al., 2008) (Fig. 1b herein) . It displays important lateral thickness variation, ranging between c. 20 m and several hundred metres, reflecting increasing basin water-depth westwards. It was first described by Lu et al. (1955) in the Hetang country, north of Jiangshan city (Zhejiang Province; Figs 1b, c) , as siliceous black shales displaying a basal 20 m thick organic-rich stonecoal (flammable mudstone) sequence with black cherts (Member 'a'). Later studies distinguished a number of different lithostratigraphic units, such as the c. 0.5 m thick 'chert unit' at the base of Member 'a', which is composed mainly of black cherts, phosphorites and occasional pelitic limestones in western Zhejiang (Yue & He, 1989; He & Yu, 1992) (Fig. 2) . Its top is marked by fossiliferous phosphatic carbonates containing Small Shelly Fossils (SSF) which can be correlated with the Lower Meishucunian Protohertzina anabarica -Kayangites novalis assemblage zone (Steiner et al., 2003 (Steiner et al., , 2007 . The general consensus is that the Hetang Formation on the lower cambrian biotic and geochemical record of the hetang Formation (Yangtze platform, south china): evidence for biogenic silica and possible presence of radiolaria cropping out in the Jiangshan area can be divided into three members: (i) Member 'a' of black shale, stonecoal layers with a few intercalations of thin-bedded sparitic limestone; (ii) Member 'b' of black shale interbedded with thin-bedded black cherts that contain carbonate concretions towards the top of the sequence; an interval with Jiangshanodus-Kijacus-type arthropod spines characteristic of the Qiongzhunsian is known from this member (Steiner et al., 2003 (Steiner et al., , 2007 ; (iii) Member 'c' of black siliceous shales.
the StudIed SectIon
The Xintangwu Section (28.823 °n, 118.622 °E) is situated at the SE margin of the Yangtze Platform, Zhejiang Province (Fig. 1) . In this locality, the Hetang Formation is 25.5 m thick (Fig. 3) . The exposure of beds in this section is not ideal because of vegetational cover. However, one can recognize overall the main lithological characteristics of the Hetang Formation. Only some small abandoned quarries, which were created to excavate the stonecoal, allow precise stratigraphic observations. Two parallel quarries, situated towards the base of the Hetang Formation, allow observation of the black shales with phosphoritic nodules. Towards the upper part of the stonecoal sequence an interval with carbonate nodules can be observed. Fortyone samples were collected from members 'a' and 'b' of the Hetang Formation exposed at 4 closely adjacent sites (Fig. 3 ).
SedImentarY FabrIc
Polished thin sections were made of all the samples collected from the Hetang Formation. Observations were conducted with the help of a polarizing microscope, a field emission scanning electron microscope (SEM) and Raman spectroscopy. Microfacies analysis reveals the presence of numerous laminated beds, rich in wavy quartz, organic matter, pyrite framboids and diagenetic pyrite crystals (Zhou & Jiang, 2009 ). In some samples pyrite is organized in distinct beds. Some samples are very rich in microcrystalline quartz, with the quartz grain size being smaller than 5 μm. X-ray diffraction analyses established that associated minerals are mainly barite and pyrite and subordinate clay minerals, such as muscovite, microcline and rarely gypsum.
SIlIceouS mIcroFoSSIlS analytical procedure
Siliceous microfossils were obtained from siliceous samples that were immersed in 2-5 % HF solution for 12 h at ambient temperature. Residues were sieved through a 63 μm mesh and dried for examination under a binocular microscope. The containers holding the samples were refilled with new HF solution and the whole process was repeated several times.
results
Among the 41 samples analysed, siliceous microfossils were observed in 13 samples, both in thin section and residues. More particularly, sample XTW A-1-4, situated at the top of Member 'a', about 0.5 m below the layer containing bituminous limestone concretions (Member 'b'), yielded abundant spherical siliceous microfossils very similar to the ones illustrated by Braun & Chen (2003) . The fossils we report have a relatively uniform spherical/ ellipsoidal shape, they appear bright and clean, and they are clearly distinguishable from the background sediment of dark black chert, rich in carbon content (Pl. 1, figs 1, 2). A thin crust is explanation of plate 1. Spherical siliceous fossils and sponge spicules observed on thin-section preparations. All figures come from sample XTW A-1-4, situated at the top of Member 'a' (see Fig. 3 ). figs 1, 2, 7. Scatter of spherical fossils: 1, 7, under polarized light; 2, under orthogonally polarized light. figs 3-6. Enlargement of specimens: 3, under polarized light, 4-6, under orthogonally polarized light. figs 8, 9. Sponge spicules under polarized light.
visible on the margin of the sphere on some specimens (Pl. 1, fig.  4 ). Some of them appear to have spines of unequal size (Pl. 1, fig. 3 ). Observation under the cross-polarizer reveals that these microfossils are composed of fine grains of quartz and they have a radial extinction texture. Results of Raman analysis also confirm that all these fossils are made of quartz. Backscattered electron (BSE) imaging was used to check the elements of these spherical microfossils; both microfossils and matrix appear fairly similar, the only difference being the organic carbon content present in the sediment matrix. Analysis of growth of different generations of quartz grains preserved in the siliceous microfossils reveals no difference between their fine-grain shell and their relatively coarser-grain interior: these two sizes of quartz grain appear to have been developed simultaneously. More than 500 spherical siliceous microfossils were recovered from the same sample after HF processing. Their size and shape are similar to specimens observed from thin sections. Regrettably, all siliceous microfossils are heavily recrystallized, including some recovered siliceous sponge spicules. More than 400 SEM images were made but the lattice shell and inner structure are hard to distinguish (Pl. 2, fig. 4 ). Short residual spines appear to be present on the surface of a few specimens (Pl. 2, figs 5, 6). Cross-sections of some naturally broken specimens confirmed thin section observations, as they reveal that the inner part of these spherical microfossils is filled with larger quartz grains, while their outer layer is made of finer quartz grains (Pl. 2, figs 7-9). explanation of plate 2. Scanning electron micrographs of the spherical siliceous fossil specimens from the Xintangwu section, sample XTW A-1-4. Scale bar 20 μm for all specimens. fig. 5 displays possible residual spines. Broken specimens illustrated in figs 7-9 show that their interior is filled with coarser crystals of quartz. palYnoloGY analytical procedure Eight samples were processed for palynological investigations. 10-50 g of each sample was prepared according to standard palynological methods. After treatment with HCl (33 %) and HF (40 %), samples were neutralized with distilled water between acid treatments. The residues were filtered through 50 μm and 15 μm nylon sieves, thus yielding >50 μm, 15-50 μm and <15 μm fractions from each sample. The residues were studied using light microscopy.
results Only a few investigations report Cambrian acritarchs from China (see Li et al., 2002 for a complete list of references), most of them dealing with material from the Yangtze Platform. Most of these papers reported sphaeromorph (round morphotypes) or micrhystrid acritarchs (small morphotypes with short spines). During our study, numerous acritarchs were obtained after HF processing (Pl. 3), but only a few are well preserved. They mostly belong to the sphaeromorphs and could be attributed to genera such as Leiosphaeridium or Lophosphaeridium. Such sphaeromorph acritarchs of this size (about 25-40 μm) are very common in Lower Cambrian sediments. They do not have any biostratigraphical or palaeobiogeographical significance, but they are typical of deeper-water environments, as illustrated in a number of palaeoecological studies (e.g. Lei et al., 2012) . Unidentified organic spherical microfossils can be observed with the SEM on thin sections (Fig. 4) . Xue & Yu (1979) regarded them as belonging to both acritarchs and small algae, such as Palaeomicrocystis, Entophysalidaceae and Michrystridium.
GeochemIStrY analytical techniques
The geochemical analyses of 10 samples (5 of them also processed for palynological analysis) from the Xintangwu section were performed by ICP-AES (major and minor elements) and ICP-MS (trace elements) at the Spectrochemical Laboratory (SARM) of the Centre de Recherches en Pétrographie et Géochimie of vandoeuvreles-nancy (Centre national de la Recherche Scientifique). The samples were prepared by fusion with LiBO 2 , followed by HnO 3 dissolution. Precision and accuracy were both better than 1 % (mean 0.5 %) for major-minor elements and 8 % for trace metals, as checked by international standards and analysis of replicate samples (Carignan et al., 2001) .
results
The Ge/Si ratio of the examined samples ranges between 0.46 and 2.69 μg g -1 (Table 1) , with a mean ratio equal to 1.5 μg g -1 . These values fall within the range corresponding to the opalsecreting organisms and plot far from the value attributed to the average clastic supply ( Fig. 5 ; Tribovillard et al., 2011) . We interpret these results as an indication that the cherts originate from biogenic silica, implying either sponges alone or both sponges and radiolarians.
dIScuSSIon
The Late neoproterozoic-Cambrian is a critical time interval for the silica cycle, since it started being influenced by silica biomineralizing organisms, such as the Silicisponges and polycystine Radiolaria (Maliva et al., 1989; Siever, 1992; Racki & Cordey, 2000) .
The southern margin of the Yangtze Platform preserves the Lower Cambrian sedimentary record of pelagic environments, following a tectonic deepening of a previously shallow-water Ediacaran carbonate platform (Steiner et al., 2003) . Widespread preservation of organic-rich sediments and framboidal pyrite in the black shales (Zhou & Jiang, 2009 , and our own observations) point to a sedimentary environment that was anoxic for most of the time, although it was interrupted occasionally by intervals of ) for the studied samples compared to those of biogenic origin, seawater and average land-derived clastic fluxes (Tribovillard et al., 2011). oxygenation (indicated by the presence of sponge spicules; see discussion in Zhou & Jiang, 2009 ). The sedimentary fabric observed in the studied samples suggests accumulation under relatively quiet hydrodynamic conditions. The values obtained for the Ge/Si ratio allow us to conclude that the silica of the siliceous rocks studied in the present paper is of biogenic origin. However, based on the Ge/Si value alone, it cannot be determined whether sponges or radiolarians were the main source of silica (both may have operated in conjunction).
Radiolarians reported by Braun et al. (2007a) come from a carbonate nodule which, based on the lithostratigraphic information they provided (i.e. see their fig. 1 ), comes from the unit Member 'b' of black shales and cherts with carbonate concretions. In addition to a few 'lattice fragments' reported after treatment with acetic acid, they also illustrated a fairly complete specimen, for which doubts about contamination from Upper Ordovician material have been raised by Maletz (2011) . Indeed, the single specimen illustrated by Braun et al. (2007a, fig. 3 ) does not appear to share any resemblance with confirmed Cambrian Radiolaria. However, it is worth noting that most of Braun's illustrated material comes from a stratigraphic level that is close to the one in which we observed spherical microfossils that most closely resemble Radiolaria (i.e. sample XTW A-1-4; Pl. 1, fig. 3 ; Pl. 2, figs 4-5). Braun et al. (2007a) considered this interval as coeval to the Anabarites-Protohertzina Zone (Meiscucunian age) based on an unpublished excursion guide, but, as discussed above, this interval is, in reality, younger in age and, according to the data of Steiner et al. (2003) , can be correlated with the Qiongzhushian (Atdabanian in terms of the Siberian stages). Thus, it is only one stage older than the Botomian radiolarians found in the Altai Mountains in Siberia (Obut & Iwata, 2000; Pouille et al., 2011; Korovnikov et al., 2013) . Figure 4 attempts a size comparison of all spherical microfossils observed in our material; these consist of 39 specimens of acritarchs (isolated specimens obtained from residues), 483 unidentified organic spherical microfossils based on thin section observations, 424 spherical siliceous microfossils based also on thin section observations, and 341 spherical siliceous microfossils recovered after HF processing. Therefore, a large part of the siliceous microfossils in our material is larger than the entire population of organic-walled microfossils. It is worth comparing our measured specimens with the size range of the few Cambrian radiolarians with a spherical shape known from the literature (Dong et al., 1997; Won & Below, 1999; Obut & Iwata, 2000; Pouille et al., 2011) . The size of most of them is rather large as compared to our material, ranging between 150 and 655 μm. Indeed, only a very small fraction (c. 1.5%) of our material appears to be larger than 150 μm. However, smaller spherical radiolarian species are also known, as is the case of Spongomassa nannosphaera Won, described from the Middle Cambrian of Australia, the shell diameter of which varies between 93 and 130 μm.
It is interesting to note that the radiolarian specimens reported by Obut & Iwata (2000) from the Botomian (Lower Cambrian) levels of the Altai Mountains (Siberia) are even smaller in size. Indeed, the shell diameter of species Archaeocenosphaera muricata Obut & Iwata ranges between 80 and 100 μm. Some of our illustrated specimens fall in this size range (i.e. Pl. 1, figs 3-5) or they are even larger (Pl. 1, fig. 6 ; 116 μm). Altogether, 53 % of the siliceous microfossils yielded after HF processing and c. 10 % of those observed in thin section display a diameter larger than 80 μm. Without claiming that the above species can be identified in our material, it is interesting to note that A. muricata is known as a single hollow shell with very short by-spine like protuberances and that the two generations of quartz crystals (fine quartz on the outer part v. coarse crystals in the interior) argue for a hollow spherical test.
concluSIonS
(1) Based on the Small Shelly Fossil stratigraphic record of Steiner et al. (2003) , the black shale level of the Hetang Formation from which Braun et al. (2007a) reported Cambrian Radiolaria (Member 'b', which contains limestone concretions) should be considered as Qiongzhusian (Atdabanian-lower Botomian), rather than Meishucunian, in age. It is, therefore, only slightly older than the Botomian level of the Altai Mountains (Siberia) from which the oldest confirmed Radiolaria are reported to date (Obut & Iwata, 2000; Pouille et al., 2011) . (2) Although the radiolarian specimen illustrated by Braun et al. (2007a) should be considered as contamination, a number of indications (i.e. size, recrystallized hollow shell with residual spines) on some spherical siliceous microfossils observed in both residues and thin sections argue for the possible presence of radiolarians towards the top of Member 'a' of the Hetang Formation. (3) The Ge/Si ratio of the studied black cherts and shales suggests strongly that silica in the Hetang Formation is of biogenic origin, thus providing evidence for the oldest (to our knowledge) pelagic siliceous sediments known so far. 
